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DRAG OP SEVERAL GUNNER 1 S ENCLOSURES AT HIGH SPEEDS 
By John Stack and Richard J. Moberg 

SUMMARY 



The drag of several types of gunner's turrets, wind- 
shields, "blisters, and other protuberances , including 
projecting guns, was investigated at speeds from 75 to 
440 miles per hour in the NACA 8-foot high-speed wind tun- 
nel. The various gunner's enclosures were represented "by 
1/10 and 1/7 full-size models on a midwing- fuselage com- 
bination representative of bomber types. 

Most of the usual types of retractable turrets are 
very poor aer odynamieally ; they caused drag increments, 
dependent upon the size of the turret relative to the 
fuselage and upon the speed, up to twice the drag of the 
fuselage alone. A large streamline blister sufficient to 
enclose completely one type of rotating cylindrical turret 
caused a drag increment of approximately one-half that of 
the turret and at the same time provided space adequate 
for two gunners rather than for one gunner. 

A large portion of the drag increments for some types 
of turret appeared to he due to adverse effects on the 
fuselage flow caused by the turret rather than by the di- 
rect drag of the turret. 



INTRODUCTION 



The drag of standard types of armament installation 
has become vitally important v/ith increased speeds of the 
airplane. These installations appear to have been general- 
ly determined by considerations other than aerodynamic; 
basic aerodynamic considerations indicate that some types 
of armament installation: may have marked detrimental effects 
on the drag 'of the airplane. - 

Retractable- armament installations that may be satis- 
factory in ordinary flight when retracted are used, but 
their use reduces speed during an important phase of the 
flight operation; namely, when the airplane is being at- 
tacked and speed may be important. Thus, it is evident 



2 



that improved types of armament installation employing , 
aerodynamic principles that reduce drag effects are 
especially desirable. 

Prior to the present investigation some miscellaneous 
tests were made in connection with specific designs; these 
tests were made generally at a very low Reynolds number 
and, in all cases, the speeds were so low that important 
compressibility effects were not determined. Because of 
the lack of data, the aerodynamic effects of various in- 
stallations on the performance of the airplane could not 
he determined and their relative merits could not he eval- 
uated. 

The purposes of the present investigation are to 
provide necessary information to determine the aerodynamic 
effects of various armament installations on airplane per- 
formance and to indicate possibilities of improvement. 

The types of armament installation investigated in- 
clude conventional retractable cylindrical turrets, some 
modifications of these turrets, fixed-dome turrets, tail 
turrets, side-protruding windshields, various types of 
blister, and retractable rear-firing platforms. In gen- 
eral, for each type of enclosure at least two sizes were 
tested in order to represent installations for two sizes 
of bomber. Models of machine guns of 30 and 50 caliber 
and 37-mm cannons were also tested on the various instal- 
lations and on the fuselage alone. All installations were 
investigated in various positions on the fuselage. 

These tests were conducted in the KACA 8-foot high- 
speed wind tunnel for speeds from 75 to 440 miles per 
hour. The models of the gunner's enclosure, 1/10 to 1/7 
full-scale, were mounted on a midwing-f uselage combination 
representative of good aerodynamic design. 

APPARATUS AND METHOD 



The HACA 8-foot high-speed tunnel in which the in- 
vestigation was conducted is a single- return, closed- 
throat, circular-section wind tunnel. The air speed is 
continuously controllable from approximately 75 to more 
than 500 miles per hour. 

The wing-fuselage combination used was a 1/7-scale 
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model of- a hypothetical bomber design furnished by the 
U.S. Army Air Corps, for use in connection with another 
investigation. A drawing of the model is given in fig- 
ure 1. 

The wing employed in the tests spanned the test sec- 
tion of the tunnel (fig. 2). The wing tips are not rep- 
resented because the wing extended through openings in the 
tunnel wall in order to permit the mounting on the balance 
ring in the standard manner. The wing had a root section 
of the HACA' 0017-34 profile with a chord of 24.7 inches 
and a projected tip section of the IACA 0009-34 profile 
with a chord of 8.2 inches. The taper ratio of the wing 
was 3:1. The wing area within the tunnel air stream was 
actually liy2 square feet as compared with a wing area of 
12% square feet for the complete model to the same scale. 
The angle of wing setting was 2°. 

The wing-fuselage combination, which was constructed 
of wood, was maintained aerodynamically smooth throughout 
the tests. Landing gears, tail wheel, and horizontal tail 
surfaces were not represented. The fuselage was 7 feet 
long and was mounted as a midwing type. 

The gunner's enclosures consisted of several types; 
namely, turrets, blisters, side-protruding windshields, 
retractable rear-firing platforms, and protruding prone- 
. firing tubs. Some modifications of the models were also 
investigated. These models were made to 1/7 and 1/10 
scales, which are representative of installations on 49- 
foot and i70-f oot fuselages, respectively. A photograph 
of the gunner's enclosures tested is given in figure 3. 
Detailed measurements are given in figure 4 for all the 
models except the tail turrets shown in figure 1. Desig- 
nations and descriptions of the models are given in table 
I. All models were located on the fuselage to correspond 
with certain full-scale installations and were then moved 
into different positions for comparison. These locations 
are shown on the figures that present the drag data. (See 
figs. 6 to 15.) 

The Mach number range for most of the tests extended 
from 0.15 to 0.58. (See fig. 5.) The corresponding aver- 
age Eeynolds number range based on the mean aerodynamic 
chord of the complete model (17.7 in.) was 1,000,000 to 
4,900,000. 

The angle of attack aj is referred to the fuselage 
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reference line. When ay is 0°, the root section of the 
wing is at an angle of attack of 2°. All tests were run 
with dp * 0°. 

All the results presented, were obtained with the 
boundary-layer transition point fixed at its approximate 
full-scale location "by means of a 1/4-inch-wide strip of 
no. 60 carborundum grains shellacked to the model surfaces. 
Transition was fixed on both surfaces of the wing along 
the entire span at 10 percent of the chord.. On the fuse- 
lage, transition was fixed at 10 percent of the fuselage 
length. The transition strip itself had a negligible drag. 



RESULTS 



The results are presented as incremental drag coef- 
ficients ACjj plotted against Mach number M. For a 
given type of installation, the drag increment due to the 
enclosure relative to the airplane proper will vary with 
the size of the airplane. The increment will be smaller 
the larger the airplane because the size of the enclosure 
is fixed by space requirements for the gun installation. 
Comparison of the enclosures on the basis of drag coeffi- 
cients determined by using a characteristic area of the 
enclosure will therefore fail to indicate the over-all 
drag effects relative to the drag of the airplane proper. 
In order to indicate the magnitude of the over-all drag 
effects, the area chosen for determining the drag coeffi- 
cients is the fuselage cross-sectional area. The incre- 
mental drag coefficients are defined as follows: 



For the enclosures. 



Drag of complete model (yrfig,,.. fuselage, and gunner's enclosure) - drag of wing and fuselage 
ACjy.= *~ ~ " Dynamic pressure x fuselage crass-sectional area 



For the fuselage, 



Ar Drag of wing-fuselage comb ination - drag of - wing 

Dt?i — ■— — — — — — — - • ' 

Dynamic pressure X fuselage cross-sectional area 
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The incremental drag coefficient of the fuselage 
alone is also presented in figure 6 for comparison. 

Thus, the drag coefficients include the interference 
drag as well as the direct drag. 

The comt>ined drag coefficient of the gunner's en- 
closure and the fuselage may be determined by adding their 
respective drag coefficients. The Reynolds numbers R av 
(fig. 5) are the averages of the actual Heynolds numbers 
R for the various test runs. None of the Reynolds numbers 
departs from these averages enough to affect the results 
appreciably, 

A general comparison of the most important gunner's 
enclosures is shown in figure 6. Figures 7 and 8 show the 
variation of the incremental drag coefficient with the 
turret location on the fuselage. The effects on the drag 
of similar enclosures that differ in size, some with modi- 
fications, and others with changes in location, or both, 
are shown grouped together in figures 9 and 10. figures 
11 to 15 present the effects of protruding guns on the 
various gunner's enclosures and on the fuselage alone. 



DISCUSSION 



Figure 6 shows the drag results for several types of 
gunner's enclosures located at 40 to 45 percent of the 
fuselage length. As would be expected from the general 
design, blisters BA and BB gave the lowest- drag, which was 
approximately 7 percent of the fuselage drag. It is 
readily seen that all other types of installation were 
generally poor aerodynamically ; some drag values were as 
high as 375 percent of the fuselage, drag at 350 miles per 
hour. 

Retractable enclosures .- Turrets TA and TB (fig. 6), 
which have top surfaces curved to fit the fuselage con- 
tour, are geometrically similar but differ in size. Tur- 
ret TA represents a 1/10-scale model and turret TB a 1/7- 
scale model. The drag variations with Mach number of both 
models were similar; the drag of both models increased 
continually above a value for M of 0.35* which corre- 
sponds closely to the drag rise of cylinders at their 
critical speed. At M = 0.25, the drag of turrets T^i 
and TB in percentage of fuselage drag was 81*4 percent 
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and 184 percent, respectively; at M = 0.45, the incre- 
ments were 113 and 275 percent, respectively. 

The shape of. the turret top had a marked effect on 
the drag (fig. 6), as is shown "by a comparison of the re- » 
suits for turrets TA, TA-1, TA-2, and TA-3. These turrets 
all projected the same height and differed only in the 
shape of the top. The flat-top turret TA-1 had a drag 
approximately 23 percent lower than the drag of the "basic 
turret TA at low speeds; the drag was the same for these 
turrets, however, when M was greater than 0.35, which 
indicates the marked . effects of compressibility. When the 
sharp edges were rounded, as on turret TA-2, .a dec.ided im- 
provement is made amounting to approximately 40 percent de- 
crease in the drag at M = 0.30 and an even greater de- 
crease at higher values of M. Further rounding of the 
turret, as on turret TA-3, showed a greater improvement at 
lower speeds hut no gain over turret TA-2 at values of M 
greater than 0.40* The difference at low Reynolds number 
is probably due to a pronounced separation/phenomenon. It 
will be noted that special provision for enclosing turrets 
TA-1, TA-2, and TA-3 will be necessary when retracted. In 
contrast with these retractable types of turret, the perma- 
nent dome-type turret TC had approximately one-third of 
the drag of the fuselage and was superior in this respect 
to the other cylindrical turrets. 

Rotating turret TB 90° had a marked effect. The drag 
was reduced approximately 30 percent at* M = 0.30 and more, 
than 40 percent at M .= 0.45. 

The basic cross section of the turrets being cylindri- 
cal, it is not surprising that the drag characteristics 
showed a marked similarity to the drag characteristics for 
a cylinder. In table II is tabulated a comparison of the 
drag coefficients Cp- of the various turrets, based on 
the height above the fuselage and the diameter, With the 
two-dimensional-cylinder drag coefficient at the same 
Reynolds number for- a Mach number of 0.30. All of the tur- 
rets except turret TA-3 had drag coefficients considerably 
larger than the cylinder drag coefficient, which demonstrates 
the fact that the turrets cause flow separation for the fu- 
selage and thus effect a large drag increase of the fuselage. 
It is likely that the flow-separation effects may be de- 
creased by adding a positive lift cap to the turret top, the 
downflow from which might force the flow to close in back 
of the turret. This modification was not investigated, 
however, "because it appears to impose uncertain gunnery 
dif f icult ies. 
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TABLE II 

Comparison of Turret Drag Coefficient C D( , with Two- 
Dimensional-Cylinder Drag Coefficient for a Mach 
Humber of 0.30 



Turret 


TA 


TA-1 


TA-2 


TA-3 


TB 


TB-R 


"TC 


Two-dimensional 
cylinder 


c Dc 


0. 562 


0.515 


0.336 


0.276 


0.64.1 


0.436 


0,334 


0.248 



A further study of table II illustrates the impor- 
tance of the top shape. Turret TA-2 had about 40 percent 
less drag than turret TA and turret TA-3 had about 50 per- 
cent less drag than turret TA. The difference between the 
coefficients of turrets TA and TB indicates that larger 
actual "drag effects may result with a smaller airplane, 
probably because the portion of the drag increment attrib- 
utable to interference, increases as the size of the tur- 
ret (which must remain essentially constant) increases 
relative to the airplane size. 

The location of the turret is also very important, 
as is shown in figures 7 and 8. The marked reduction in 
drag caused by moving the turrets to the rear of the fuse- 
lage might be expected in view of the preceding discussion, 
which shows that a large part .of the drag is due to the 
spoilage of flow on the fuselage in the rear of the turret. 
Thus, when the turret is located near the tail, the flow 
along the fuselage is disturbed for a very short distance. 
The drag values for turrets TA-2 and TA-3 were almost the 
same as for the cylinder, which indicates a small spoilage 
of fuselage flow. Again it will be noticed that turrets 
TA-2 and TA-3 had approximately the same drag in this loca- 
tion, which is an indication that only a small amount of 
rounding of the top edge is required. 

The retractable gunner's windshields G-WA and GWB (fig. 
6) , which have fields of fire to the rear and to the side, 
were generally poor aer odynamically. The drag and inter- 
ference for the larger 1/7-scale windshield and the smaller 
l/10-scale windshield were approximately 125 percent and 
61 percent of the fuselage drag, respectively. This type 
of windshield is somewhat better aerodynamically than the 
retractable turret. The locati6n in the wake of the wing 
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may account for this difference. These results may dif- 
fer somewhat for an actual installation because as 
actually applied, the air can flow in through the rear 
portion of the windshield. This effect is probably small, 
however, because a comparison of the drag coefficient 
based on the frontal area of the windshield with the cyl- 
inder drag coefficient indicates a separated region behind 
the windshield. The drag coefficient based on the frontal 
area was 0.4 for the smaller gunner's windshield. GWA 
and 0..5 for the larger gunner's windshield GV/B , while 
the cylinder drag coefficient was 0.248. From the inves- 
tigations, of the location of other gunner's enclosures on 
the fuselage, it is probable that the d^ag__f^jr_.jbhe,,j/ind- 
shj-.eJLds_.will la& gT.ea£&v~-Af ^ 

The retractable rear-firing gunner's platform (figs* 
4 and 10) had a drag lower than the retractable, cylin- 
crical, rotating turrets. The larger size FB, the 1/7- 
scale model, had about the same drag as the large gunner's 
windshield, which was 125 percent of the fuselage drag. 
The smaller platform had approximately one-third of the 
drag of the fusealge. Figure 10 shows that a rearward 
movement of the platform caused a decrease in drag and in- 
dicates that, as with the cylindrical turrets, a large 
part of the drag was due to the spoilage of the fuselage 
flow. 

lonretractable enclosures .- The tail turrets TT-1 and 
TT-2 described in table I and sketched in the model draw- 
ing (fig. l) gave drag increments of 59 percent of the fu- 
selage drag for the blunt cylindrical end and 38 percent 
of the fuselage drag for the elliptical end. These large 
increments indicate flow separation at the tail of the fu- 
selage. 

Figure 6 shows that the drag of blisters BA, BB, and 
BC is less than that of any of the gunner's enclosures 
listed. The drag increments vary from 5 to 17 percent of 
the fuselage drag, depending on the size of the blister. 
These blisters are the most preferable aerodynamically of 
the gunner's enclosures tested. The location of these 
blisters, unlike the location of the cylindrical turrets 
and the rear-firing platforms, does not cause drag de- ' 
creases by rearward movement; instead, the blisters prove 
to be good in almost any location, their lowest drag in- 
crements . being apparent nearest the nose. The data indi- 
cate that there is very little spoilage of the fuselage 
flow by the blisters.. It is also interesting to note that 
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blisters BA and BB, when located near the nose, caused no 
drag increment at high Mach numbers.' The spherical-nose 
blister, differing from blisters BA, BB, BC in design, 
caused a drag increment of approximately 5 percent of the 
fuselage drag. 

The blister forms showed the best aerodynamic results 
they are generally not desired, however, because of poor 
arrangements for gunners. This difficulty may possibly 
be overcome by using very large blisters sufficient to 
streamline the turret. Such a blister would be sufficient 
to mount more guns and possibly one more gunner. 

Blister BC (figs. 4 and 6) was of a size large enough 
to enclose turret TA; the drag of blister BC, however, was 
only one-sixth of the worst and one-third of the best of 
the A-type turrets. The larger blister is clearly better 
aerodynamically and will likely permit room for additional 
guns and one extra gunner. A permanent streamline blister 
causes a slight added drag at all times in contrast with a 
retractable turret, which adds.no drag under normal flight 
but greatly increases the drag when extended at a most 
important phase of the flight; namely, when the airplane 
is attacked and speed may be important. The streamline 
blister, when properly designed, will likely provide suf- 
ficient space to give greater fire power and less drag 
during combat than the retractable turret. 

The tub-type blisters BTA and BTB (figs. 4 and 9) are 
of sufficient size to contain one or two gunners in a 
prone position. These blisters are superior to the turret 
with respect to drag. Blister BTB , which had the same 
over-all height as turret TB , had drag values less than 
one-half of turret TB rotated in its best position.' If 
blister BTB is used on the upper side of the fuselage in 
place of a rotating turret, the drag will be greatly re- 
duced and adequate space will be available for two gunneT.s 
standing or seated within the fuselage. The drag of blis- 
ter BTB is about two and one-half to four times that of 
blister BC. If special arrangements for the gunnery can 
be made to permit the use of good streamlining of the tub 
types, the drag in relation to the fire power would be 
extremely low. 

Protruding guns .- The actual drag due to protruding 
guns cannot be accurately determined from these tests be- 
cause large scale ... effects on the direct drag due to the 
guns may be expected with the guns in- any position except 
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along the flight axis. The guns , generally cylindrical, 
may he subject to scale effects similar to those found 
for cylinders. Interference, effects, however, are prob- 
ahly well represented. 

Figures 11 and 12 show the effects of protruding 
guns on retractable turrets. As might be expected, the 
worst condition for the gun existed when it was pointed 
sidewise. Practically no increase in drag was noticed 
when the gun pointed to the rear; this result can he ex- 
pected because the gtin was in the wake of the turret and 
could contribute only skin friction plus a small separa- 
tion effect at the muzzle. When the gun was vertical or 
45° forward, there was a decrease in drag for the combi- 
nation. This decrease in drag can be attributed to the 
flow disturbance caused by the gun bringing about a mix- 
ture of the relatively high-energy air of the undisturbed 
flow well away from the turret with low-energy air in the 
separated region around the turret, thus establishing a 
sort of scouring action that reduced the size of the 
separate wake. The 30-caliber and the 50-caliber guns 
showed the same effects generally, differing only in de- 
gree. 

When the turret top was rounded, like. turrets TA— 2 
and TA-3, the addition of guns in the vertical or the 45° 
forward positions was no longer beneficial to the flow 
over the top as was th.e case for turrets TA and TA-1; in 
fact, the addition caused decided increases in the drag. 
It is evident that the flow over turrets TA-2 and TA-3 had 
a smaller separation region; when the guns were added, 
this separation region was increased and further spoilage 
of the air flow over the fuselage resulted. 

Figure 13 gives the effect of protruding guns on 
blisters and, as is to be expected, there was an appre- 
ciable drag increase when the gun protruded vertically or 
forward. 

Adding a gun to the tub blister (ftg. 1.3) caused a 
decrease in the drag at the lower Mach numbers and an in- 
crease in drag at the higher Mach numbers. This effect 
is exactly opposite to the effect produced by adding guns 
to turrets TA and TA-1 and is probably, due to a peculiar 
characteristic of the. tub-type blister. At low speeds 
and law Reynolds numbers the drag of the blister alone is 
high but with increasing speeds or increasing BeynoHs 
numbers a critical value is reached at which the drag 
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drops sharply. Phenomena similar to those occurring at 
the critical Reynolds number for a sphere or a cylinder 
probably occur. The addition of the gun, like the addi- 
tion of a protuberance to a sphere or a cylinder, causes 
a decrease in the critical Reynolds number. This char- 
acteristic of the tub-type turret is an important consid- 
eration regarding its application. The Reynolds number 
for an actual installation is well above the critical 
value indicated by the drag curves of figures 9 and 13, 
It should be expected that the high drag values shown by 
the low-speed results of this investigation could not be 
obtained and, therefore, the drag coefficients actually 
encountered would be more nearly like the values given 
by the high speed results. 

The effect of protruding guns on the gunner's wind- 
shield is shown in figure 14. There is a small change 
in drag when the guns protrude to the side but no noticer- 
able change when the guns point to the rear, which is to 
be expected because the guns are then in the wake of the 
windshields. 

The effect of guns projecting from the fuselage sur- 
face is presented in figure 15. The drag increments vary 
from 5 to 15 percent of the fuselage drag, depending on 
the size and the location of the gun. 



CONCLUDING REMARKS 



The form of presentation has been chosen to illus- 
trate the drag, effects in terms of the fuselage drag. The 
actual coefficients shown differ with the size of the air- 
plane. It will be noted that the turrets remain essen- 
tially the same size with variations in the airplane size 
because the space required for the gunner and his equip- 
ment remains constant and therefore the drag effe-cts tend 
to be larger with smaller airplanes and smaller with 
f larger .airplanes. 

It appears desirable to consider seriously the use 
of larg© blisters rather than retractable cylindrical tur- 
rets. Ultimately, on large airplanes one or two well- 
streamlined enclosures to permit excellent vision and with 
remote control for retractable guns or enclosed guns 
mounted to swivel about the muzzle seem probable. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. 



GUNNER'S ENCLOSURES TESTED 
[guselage cross-sectional area, 0.612 sq. f 



Type 


Designation 


Basic frontal 
area of model 

vsa au. — 


Description 


Retractable 
cylindrical 
turrets. 


TA 


0.0525 


* 

Conventional top curved to fuselage contour. 
Represents 37 -Inch-diameter turret on 70-foot 
fuselage. 


Do 


TA-1 


.0562 


Same as TA, except flat top. 


Do 


TA-2 


.0533 


Same as TA-1, except edge rounded. 


Do - - - - 


IA— j 


nil A* ' 




Do 


TB 


.nit 


v Same as TA, except for size. Represents 37-Jnch- 
diameter turret on 14.9-foot fuselage. 


Do 


TB-R 


.126 


Same as TB, except rotated 90°. 


Fixed-dome 


in/1 




oimixtii i*o Ail— ^ , ejtt,wp i« xtu gwx uiunc uwjr , 
smaller height, and faired into fuselage. 


Tail turret. 


TT-1 




Represents fuselage lines altered to represent 
1+2- inch-high, 35-inch-wlde turret in tail; 
end is a vertical cylinder. 


Do 


TT-2 




Same as TT-1 except end faired elllptically . 


Tear-drop 
blister. 


BA ../ 


0.0229 


Cylindrical cross section. 


Do - - - - 


BB 


.0296 


Larger than BA; elliptical cross section. 


Do - - - - 


BC , 


.0556 


Larger than BB; . elliptical cross section. 


Spherical- 
nose blister. 


BS 


0.011+7 


Nose-gun housing. Represents 26-inch-diamefeer 
blister on 70-foot fuselage. 


prone-f laelng 
tub blister. 


BTA 


0.0316 


Represents 15-inch-deep, 100- inch- long, 
and 30 -inch-wide tub type on 70-foot fuse- 
lage. 


Do - - - - 


BTB 


.0768 


OaUlO as DltXf UU.li X!ii gtJi. * J\J lllwi U.C & ¥ f 

120-inch- long, 36-inch-wide. 


Retractable 
rear-firing 
platform. 


PA 


0.0312 


Represents platform 70 inches long, with rear 
opening 30 inches wide, and 15 inches deep on 
a 70-foot fuselage. 


Do 


PB 


.0750 


Same as PA, except larger. 


Side-pro trud in 
windshield. 


GWA 


0.OI03 


Represents gun position for 70-foot fuselage. 


Do 


GWB 


.0877 


Same as GWA, except larger. Simulates gun posi- 
tion for 1+9-foot fuselage. 
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Figs. 2,3 
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7^ 
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•Spherical— ± 
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Tear" drop h lister 
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Fig. 4 

30-Ca//6er machine jur) 



/}f-Z.l6 — h j 



50-ca/iher machine gun 

Jl 
T 



/J— <?.5^-H 4 



3 T 



ZBIp 



^ j/zey 



37-mm cannon 
4.19 H t 







<5pherica/~nose b/teter 



£t 6 



.375 D 



GUMn£RJ WINDSHIELDS 



TB 
53 L A 





K Jl 



1.51 



GWA 



• Parallel 

T3-K-CX- 

(Turret B rotated 9o) t 






Parallel 



Gh/3 



^3.0 




/tyre^- — Detail Sketches of the models tested. Aif dimensions are in Inches. 
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Fig, 5 




Platforms 




Figure 8.- Variation of increawtal drag oosffioient with Msca mtibm for various gunner's enoloauras. 




Figure 7.- Variation of incremental drag coefficient with Mach number for various 
locations of turrets on fuselage. 
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iTigure 8.- Variation of incremental drag coefficient with 

location of turret on fuselage for two types of turret. 



HACA 



Fig. 10 




Figure 10.- Variation of incremental drag coefficient with Mach number for retractable 
rear-firing gunner's platforms PA and PB. 
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Figure 11.- Variation of incremental drag coefficient with Hach number for retractable 
cylindrical turret witn protruding guns. 




Figure 13.- Variation of incremental drag coefficient witn Mach number for retractable 
turrets with protruding guns. 
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Figure 13.- Variation of incremental drag coefficient with Mach number for bliaters with 
protruding guns. 
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figure 14.- Variation of incremental drag coefficient with Mach number for gunner's 
windshields with protruding guna^. 
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Figure 15.- Variation of iaorsaental drag coefficient with Mach nunber for 
various types of protruding guas. 



